. The recent development of electron microscopy has enabled us to reveal the ly in the thymus and its dependent area of peripheral lymphatic tissues (ABE, 1968; ABE and ITO, 1970; ABE, SASAKI and ITO, 1973) In this study we undertook systematically to examine the occurrence of the cytoplasmic structures in small lymphocytes in lymphatic tissues of mice at various ages.
Material and Methods
Since 1965 lymphatic tissues from more than 300 dd-mice of both sexes ranging in age from birth to 180 days have been observed by electron microscopy in this laboratory.
The tissues including thymus, spleen, lymph nodes, Peyer's patches and bone marrow from the femur were generally prefixed in 5% formol in 0.05M phos-2% OsO4 in the same buffer for 1.5 to 2hrs. In the bone marrow, they were poorly developd, but they were generally more frequent than small lymphocytes contained the complexes (Fig. 3) . The actual incidence seems higher, because the complexes were encountered when the cells were sectioned on an appropriate plane. The tubular complexes occasionally appeared in immature large or medium lymphocytes ( Fig. 1j ), but they were not detected in any other cells than lymphocytes in the lymphatic tissues thus far examined.
The tubular complex is diagrammatically shown in Figure  4 .
Ferritin experiment
The thymus and splenic lymphatic tissue were examined after an intravenous injection of ferritin.
In the thymus, small amounts of ferritin particles were observed in the parenchyma, 15 minutes after the injection, but few lymphocytes were labeled with ferritin.
In the spleen, large amounts of ferritin had leaked from the sinuses into its lymphatic tissue immediately after the injection, and some small lymphocytes were labeled by ferritin (Fig. 5) . In the small lymphocytes labeled, ferritin was seen within the endocytotic vesicles just inside the plasma membrane soon after the injection. (HOVIG, JEREMIC and STAVEM, 1968; HUHN, 1968; GYORKEY and SINKOVICS, 1971; KAISERLING, 1972; WHITE, 1972; POTHIER, et al., 1973; SCHAFF, BARRY and GRIMLEY, 1973 LENNERT, 1969; SANDBORN, 1970; MATTHEWS and MARTIN, 1971; EBE and KOBAYASHI, 1972; TANAKA and GOODMAN, 1972 ), but they have not been particularly referred to by the previous authors. Similar structures to the tubular complex were also noticed in developing oocytes of various animals (WEAKLEY, 1966 (WEAKLEY, , 1968 (WEAKLEY, , 1973 DYER, RUBY and SKALKO, 1973) , although their functional significance was not discussed in particular.
However, at least for the mouse the tubular complex occurs normally in considerably high incidence particularly in small lymphocytes. Multivesicular bodies and coated vesicles are also related closely with the complex. It seems appropriate, however, to designate the complex as "tubular", because aggregated tubules are its consistent components. The tubules may possibly be endoplasmic reticulum in nature, which however is generally known to be rare in lymphocytes (TANAKA and GOODMAN, 1972) . The tubular complex was also observed by us in lymphocytes in human tissues obtained by biopsy.
At present, it is generally accepted that small lymphocytes are heterogenous in origin and population, consisting of at least two populations, thymus-derived and bone marrow-derived (for reviews see EVERETT and TYLER, 1967; MILLER and OSOBA, 1967; GOLDSTEIN and MACKAY, 1969; YOFFEY and COURTICE, 1970; METCALF and MOORE, 1971; ELVES, 1972) . In the thymus, numerous small lymphocytes are produced through an active proliferation of large and medium lymphocytes in the cortex. Thymic small lymphocytes thus formed move from the cortex into the medulla, from which they are liberated to join a peripheral lymphocyte pool which recirculates through certain (thymus-dependent) areas of the peripheral lymphatic tissues. In the light of the recent concepts on the thymic function, lymphocytes are considered to be functionally "processed" to aquired immunological competence within the thymus.
In previous papers we reported that in the thymus, cortical small lymphocytes are distinguishable in fine structure from medullary small lymphocytes and that small lymphocytes in the thymus-dependent area of the splenic lymphatic tissue are ultrastructurally similar to thymic medullary small lymphocytes (ABE and ITO, 1970; ABE, SASAKI and ITO, 1973 SASAKI and ITO, 1973) . It is now postulated that the marrow also provides the thymus with stem cells for thymic lymphocytes (for reviews see MILLER and OSOBA, 1967; YOFFEY and COURTICE, 1970; METCALF and MOORE, 1971) . In a previous paper it was observed that in neonatal mice, the incidence of the tubular complex is different in small lymphocytes from myelolymphatic tissues including the thymus, splenic lymphatic tissue, bone marrow and liver: the frequency is greatest in the periarterial lymphatic sheath of the spleen, next in the thymic medulla, least in the thymic cortex and moderate in the myeloid tissue (ABE, SASAKI and ITO, 1973) . In mice at all ages thus far examined, the tubular complex is generally better developed in small lymphocytes in the thymic medulla, splenic lymphatic tissue, lymph nodes and Peyer's patches than in the thymic cortex and bone marrow, as was the case in neonatal mice.
Thus (SMITH and LANDY, 1970; NOSSAL and ADA, 1971) . It is not certain whether antigens enter the cytoplasm of lymphocytes or not, although uptake of ferritin by lymphocytes has been observed by earlier authors in lymphocytes in lymph nodes (HAN and JOHNSON, 1966; HAN, HAN and JOHNSON, 1967) and in cultured lymphocytes added with ferritin in the medium (BIBERFELD, 1971) . In cultured human peripheral blood lymphocytes transformed by phytohemagglutinin, BIBERFELD (1971) reported the presence of the "vacuolar system" which consists of small and large endocytotic vesicles, pale, dense and compound multivesicular bodies, vesicotubular structures and dense bodies, and observed that the vacuolar system is correlated to the endocytic activity of ferritin added to the culture medium. The present results indicate that ferritin which is thought to act also as an antigen, is taken up by small endocytotic vesicles and multivesicular bodies in small lymphocytes in the thymus and splenic lymphatic tissue and that small amounts of ferritin particles are sometimes contained also within tubules of the complexes. Thus our tubular complex is similar to the vacuolar system of BIBERFELD.
To sum up, the complex appears to be one of the dynamic components in small lymphocytes, and it may provide some morphological clue for indicating the functional maturation and activity of small lymphocytes.
